INTRODUCTION
PCDDs and PCDFs are trace compounds formed during the incineration of municipal waste ~. Two main formation routes have beevL postulated, de novo synthesis from particulate organic carbon and formation from chlorinated precursors 2. Recently coplanar PCBs were also detected in the fly ash and flue gas of municipal wastc incinerators 3'4. It is important to study coplanar PCBs at the sarne time with PCDDs and PCDFs because of their similar toxicological behavior.
It is not known yet whether these compounds are formed in the incineration process, as the PCDDs and PCDFs, or already are present in the waste and survive the incineration process. Stieglitz et al ~ have shown that PCBs (as a group) are formed from particulate organic carbon in a fly ash model system. For coplanar PCBs we can also expect this behavior. In this paper we present a method for simultaneous determination ofPCDDs, PCDFs as well as coplanar PC]Bs and its application to the study of the de novo synthesis of these compounds at different temperatures. We are also looking at the isomer distribution of the PCDDs and PCDFs in order to get a better understanding of the formation mechanism of these compounds.
EXPERIMENTAL
Extraction. clean un and GC/MS analysis Coplanar PCBs and PCDD/Fs cannot be quantified in the same sample by GC-MSD due to an overlap in masses and retention times, as can be seen in Table 1 . We have modified the standard procedure for extraction and clean up of PCDDs and PCDFs 6 to separate the coplanar PCBs from the PCDDs and PCDFs. CThere is also an overlap in mass and retention time for PxCB with the -CI fragment of PxCDD with one 13C atom.
The response of this mass will be very low for PCDD, because it is a minor peak in the mass spectrum ofa PCDD molecule.
Besides a solution of ~3C labeled PCDDs and PCDFs, 200 ~tl of a solution of three ~C labeled coplanar PCBs hours, as described previously 6. Each experiment was performed in triplicate.
RESULTS AND DISCUSSION
In four blank experiments (extraction and clean up of 13C labeled PCDDs, PCDFs and coplanar PCBs) only trace amounts of OsCDD, OsCDF and T4CB were found (439, 94 and < 28 pg/g respectively).
In With increasing temperature, more higher chlorinated PCDF congeners are formed. This tendency is also seen with the PCDDs, but less clear. At 350°C and 400°C octa chlorinated dioxin is formed predominantly. For dibenzofurans the hera and hepta congeners are formed most and for the PCBs only the tetrachlorinated congener is formed. So when we assume tlmt coplanar PCBs act in the same way as all the other PCBs, there is a shlR towards lower chlorinated congeners with decreasing internal oxygen. The internal oxygen is increasing going from PCB via PCDF to PCDD. The degree of chlorination is also increasing going from PCB via PCDF to PCDD. This suggests an electrophllic momatic substitution because oxygen is activating the aromatic ring towards electrophilic substitution. 2,4,6,7,9-1,2,4,6,8,9-1,2,3,4,6,8-1 ,2,3,6,7,9-1,2,3,6,8,9-1,2,3,4,7,8-1,2,3,6,7,8-1,2,3,7,8,9- This indicates a 1~o stage mechanism as is described before by Heinbuch and Stieglitz ~ for brominated compounds. The fizst step is the chlorination of the surface of carbon. After that the second step is the oxidative decomposition of the chlorinated carbon yielding side by side chlorinated PCDDs and PCDFs. Earlier in this paper we suggested chlot'ination by an electrophllic aromatic substitution mechanism. The 3,4,6,7-substitution we found is not in agreement with the 2,3,7,8-substitution of electrophilic aromatic substitution. This 2,3,7,8-substitution however is based on chlorination of free PCDD and PCDF molecules. In the case of a two stage mechanism chlorination takes place before the release of PCDD/F molecules and therefore do not necessarily give 2,3,7,8substitution. Coplanar PCBs are formed from particulate organic carbon in a fly ash model system, via so-called de-nero synthesis.
\ .o. / "/
The formation of PCDDs, PCDFs as well as coplanar PCBs reaches its maximum around 350°C.
There is a shift towards lower chlorinated congeners with decreasing internal oxygen (PCDD-PCDF-PCB). This suggests an electrophilic aromatic substitution. The 3,4,6,7-substituted PCDF (and PCDD) congeners are the predominant congeners formed, especially at 350°C. This indicates a two stage mechanism of chlorination and oxidation of the carbon yielding side by side chiorinated PCDDs and PCDFs.
In summary the mechanism of formation of PCDDs, PCDFs and coplanar PCBs possably proceeds via a two stage mechanism. The first step is chlorination of the surface of carbon by electrophilic aromatic substitution. After that the second step is oxidative decomposition of the chlorinated carbon yielding side by side chlorinated PCDDs and PCDFs.
